The objectives were to compare slice characteristics and sensory attributes of bacon from immunologically castrated (IC) barrows with bacon from other sexes using a trained sensory panel. Bacon was obtained for sensory evaluation from 3 experiments. In Exp. 1, trimmed and squared bellies (n = 180) of IC barrows, IC barrows fed ractopamine hydrochloride (IC+RAC), physically castrated (PC) barrows, intact males (IM), and gilts were used. Data were analyzed as a general linear mixed model and pen (n = 48) served as the experimental unit. Treatment (sex or diet) was a fixed effect in all 3 experiments. In Exp. 2, untrimmed, natural fall bellies (n = 96) from IC and PC barrows fed 0 or 30% or a withdrawal distillers dried grains with solubles (DDGS) program when slaughtered at 5 wk after the second dose (25 wk of age) were used. In Exp. 3, untrimmed, natural fall bellies (n = 96) from IC and PC barrows fed the same experimental diets as in experiment 2 but slaughtered at 7 wk after the second dose (27 wk of age) were used. Data from Exp. 2 and 3 were analyzed as a 2 × 3 factorial arrangement in a randomized complete block design and pen was the experimental unit. Bellies from all 3 experiments were processed using the same protocols. In Exp. 1, IM had the greatest (P < 0.0001) boar aroma and flavor scores among all treatments. No differences were detected among the other treatment groups for boar aroma or flavor. Intact males had the least (P < 0.0001) desirable cured bacon aroma and flavor among all treatments. No differences were detected among the other treatment groups for bacon aroma or flavor. There were no differences in bacon aroma or off-flavor between IC and PC barrows slaughtered at 5 wk after the second dose regardless of DDGS feeding program. Bacon from PC barrows was saltier (P < 0.01) than bacon from IC barrows when slaughtered at 5 wk after the second dose. There were no differences in bacon aroma, off-aroma, bacon flavor, or saltiness between IC and PC barrows slaughtered at 7 wk after the second dose regardless of DDGS feeding program. Total slice area of bacon slices from IC barrows slaughtered at 5 wk after the second dose were less (P < 0.01) than PC barrows, but the differences diminished (P = 0.16) when slaughtered at 7 wk after the second dose. Overall, panelists successfully detected boar odor and flavor in Exp. 1. Immunological castration was as effective as physical castration at eliminating boar aroma and boar flavor in bacon even when feeding differing DDGS feeding programs or when slaughtered at 5 or 7 wk after the second dose.
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INTRODUCTION
Boar taint is the accumulation of certain chemical agents in the adipose tissue of postpuberty age pigs, causing an off odor that is detectable when cooking the meat (Font i Furnols et al., 2008; Zamaratskaia et al., 2008) . Boar taint is mostly attributed to 2 substances, androstenone (Patterson, 1968; Zamaratskaia et al., 2008) and skatole (Zamaratskaia et al., 2008; Fuchs et al., 2009) . Androstenone (5α-androst-16-en-3-one) has a distinct urine odor and is synthesized by the testis (Bonneau, 1982; Claus et al., 1994) . Skatole (3-methylindole) exhibits a fecal odor and is the product of tryptophan degradation in the hindgut (Font i Furnols et al., 2008; Zamaratskaia et al., 2008) . Historically, concentrations of 1.0 μg/g of androstenone and 0.2 μg/g of skatole have been generally accepted as quantitative thresholds for boar taint (Bonneau, 1998) . Prusa et al. (2011) reported that less than 1.7% of barrows and gilts exceed these limits for 5α-androstenone and 0% for skatole in U.S. slaughter facilities. In contrast, 55.8% of intact males (IM) scored above the threshold for androstenone and 34.2% were above the skatole threshold. However, androstenone and skatole concentrations provide guidance only regarding the sensory perceptions of boar odor. Therefore, it is important to compare sensory characteristics of meat products derived from immunologically castrated (IC) barrows with other sexes using trained sensory panelists. Several studies have compared sensory characteristics of loins from IC barrows with other sexes (Hennessy, 2006; Font i Furnols et al., 2008 , 2009 Gispert et al., 2010) but none for bacon. Boar taint prevalence is potentially greater in bacon than in loins because of its 30 to 40% fat content (Scramlin et al., 2008; Boler et al., 2011) and the lipophilic nature of boar taint compounds (Claus et al., 1994; Babol et al., 1999) . Therefore, the objectives were to compare slice characteristics and sensory attributes of bacon from IC barrows with bacon from other sexes using a trained sensory panel. Experimental Design Experiment 1. One hundred eighty-eight bacon samples were obtained from bellies of a previous experiment (Kyle et al., 2014) . Pigs (Génétiporc G-Performer boars crossed with Fertilis 25 sows; Génétiporc, Alexandria, MN) sourced from Puls et al. (2014) were slaughtered in 2 blocks over a 5-wk period and included IC barrows, IC barrows fed ractopamine hydrochloride (IC+RAC; Paylean; Elanco Animal Health, Greenfield, IN), physically castrated (PC) barrows, IM, and gilts. Immunologically castrated barrows received a series of two 2-mL subcutaneous injections of an anti-gonadotropin releasing factor (GnRF) immunological product (Improvest; Zoetis, Kalamazoo, MI). Pigs were slaughtered at 33, 40, or 47 d after the second dose as they reached an average BW of 130 kg. All pigs in the study were slaughtered over 3 wk within their respective block. Live phase experimental procedures were reported by and further explained by Puls et al. (2014) .
MATERIALS AND METHODS

Experimental
Experiment 2. Ninety-six bacon samples were obtained from bellies of a previous study . Pigs (PIC 337 × 1050; Pig Improvement Company, Hendersonville, TN) were sourced from a previous study that included IC and PC barrows. At 6 wk of age, pigs were moved to study pens in finisher barns and allotted to 1 of 3 distillers dried grains with solubles (DDGS) feeding programs until slaughter. Feeding programs included a corn and soybean mealbased diet with 0% DDGS inclusion throughout the study (0%DDGS), 30% DDGS inclusion throughout the study (30%DDGS), or a 30% DDGS inclusion until the second immunological dose was administered at which time DDGS was removed from the diet and 0% DDGS inclusion was fed (withdrawal DDGS). The combination of castration method and DDGS feeding program resulted in 6 treatment groups. Two 2-mL doses of an anti-GnRF immunological product (Improvest; Zoetis) were subcutaneously administered to IC barrows at 16 and 20 wk of age, respectively. The 4 pigs closest to the pen (n = 48) median were identified with tattoos on the left shoulder and ham. Two of those pigs were randomly selected and slaughtered at 5 wk after the second dose.
Experiment 3. The 2 pigs that were not slaughtered at 5 wk after the second dose were slaughtered at 7 wk after the second dose. Pigs from Exp. 2 and 3 were slaughtered at a USDA Food Safety and Inspection Service slaughtering facility. Carcasses were transported to the Meat Science Laboratory at the University of Illinois (Urbana , IL) for fabrication, which is described by Tavárez et al. (2014) .
Cured Belly Manufacturing
Frozen vacuum-packaged fresh bellies were transported to The Ohio State University Meat Science Laboratory (Columbus , OH) to be skinned, weighed, and sorted by treatment group. Bellies were sent to a USDA federally inspected bacon processing facility for further processing. Bellies were pressed and sliced according to the bacon processing plant's standard protocol. Bellies were sliced starting at the anterior end and working toward to the posterior end for a desired thickness of 24 slices/kg (10 to 12 slices/pound). Complete slices were sorted by plant employees and boxed to maintain anatomical orientation. Sliced and boxed bel-lies were transported back to The Ohio State University Meat Science Laboratory for further analysis.
Bacon Sample Collection
Sliced bellies were oriented based on anatomical order from left to right, starting with the blade end and ending with the flank end. Bellies were then divided into 5 equal zones, with the appropriate number of slices in each zone based on the total number of slices in each particular belly. Zones were designated as A (blade end), B, C, D, and E (flank end; Kyle et al., 2014; Tavárez et al., 2014) . One slice was collected from the middle of each of the 5 zones for sensory evaluations. Slices were identified, vacuum packaged, frozen, and sent to the Nutrition Wellness Research Center at Iowa State University (Ames, IA) for sensory evaluation.
Bacon Slice Lean:Fat Image Analysis
A single bacon slice was collected from the middle of zone A, C, and E. The bacon slices were photographed as a set using a Nikon D60 camera (Nikon Instruments Inc., Melville, NY) at a standardized distance from the samples. Images were converted to a black and white tagged image file format (TIFF) file in Adobe Photoshop Elements 3.0 (Adobe Systems Inc., San Jose, CA) and the individual slice outlines were selected using the magic wand tool. Image analysis was conducted using National Institutes of Health image processing and analysis in Java software ImageJ (Abramoff et al., 2004) . A ruler was used in each image to establish a known distance. Threshold values were adjusted as needed to account for variations in lean and fat color. Total slice length, width, and area were calculated using Adobe Photoshop Elements 3.0. Secondary lean area (cutaneous trunci [Person et al., 2005] ) was calculated by pixel density in ImageJ.
Sensory Analysis
Six panelists were selected for Exp. 1. Panelists were screened for boar sensitivity by evaluating bacon samples of 6 boar/nonboar paired comparisons and correctly identifying the boar bacon sample on 4 out of 6 sets. Three training sessions were completed that consisted of presenting panelists with samples of boar bacon and samples of commercial bacon with varying degrees of bacon aroma and bacon flavor intensities. Panelists evaluated bacon for boar aroma, boar flavor, bacon aroma, bacon off-aroma, bacon flavor, and bacon off-flavor on a 15-point scale in which 0 represented the least intense for each parameter and 15 represented the most intense for each parameter.
Eight panelists were selected for Exp. 2 and 3. Panelists were not screened for boar sensitivity and no boar aroma samples were used in training. Similarly to Exp. 1, panelists were trained on off-aroma and off-flavor using commercial bacon samples. Because rancidity is associated with oil in DDGS, samples of rancid bacon were introduced in training but rancidity was not scaled. Panelists evaluated bacon for bacon aroma, bacon offaroma, bacon flavor, bacon off-flavor, and saltiness on a 15-point line scale in which 0 represented the least intense for each parameter and 15 represented the most intense for each parameter.
Bacon sensory samples were cooked and prepared the same way in all 3 experiments. Bacon slices were placed on broiler pans and cooked at 191°C in rotary hearth ovens for 20 min. Cooked slices were cut into 2.54 cm long pieces. Each panelist received 3 pieces in a styrofoam cup covered with a plastic lid. Panelists were separated in individual booths and provided distilled water and unsalted crackers. Data were collected using Compusense five Release 5.4 (Guelph, ON, Canada).
Statistical Analyses
Experiment 1 used the same statistical analysis strategy described by Kyle et al. (2014) . Pen (n = 48) was designated as the experimental unit. Data were analyzed with the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) as a general linear mixed model. The fixed effect in the model was treatment (IC barrow, IC+RAC, PC barrow, IM, and gilts). Replication × block interaction was considered a random variable. Homogeneity of variance was tested with the Levene's test or Brown and Forsythe in the case of nonnormal data using the GLM procedure of SAS. Normality of the residuals was tested in the UNIVARIATE procedure of SAS with normal probability plots. Least square means were separated with the PDIFF option and adjusted with the Tukey's multiple comparison procedure to protect against a type I statistical error. Statistical differences were considered significant at P < 0.05. Experiments 2 and 3 used the same statistical analysis strategy described by Tavárez et al. (2014) . Due to differences in ending BW between slaughters times (118.99 vs. 135.30 kg), each time after the second dose was analyzed as 2 independent experiments (5 and 7 wk). Both time points were analyzed in a similar fashion. Pen (n = 48) was designated as the experimental unit. Data were analyzed as a 2 × 3 factorial arrangement of treatments in a complete randomized design. Therefore, the statistical model included the main effects of castration method, diet, and their interaction in the MIXED procedure of SAS. Assumptions of ANOVA were tested with Levene's test and Brown and Forsythe for homogeneity of variances. Normality of residuals was tested using the UNIVARIATE procedure of SAS. Least square means were separated with the PDIFF option and adjusted with Tukey's multiple comparison procedure to protect against a type I statistical error. Statistical differences were considered significant if P < 0.05.
RESULTS AND DISCUSSION
Bacon Slice Characteristics Experiment 1. Slice characteristics from Exp. 1 were reported by Kyle et al. (2014) . Briefly, the added width of the bellies from IC+RAC translated to longer total slice length and larger total slice area. Intact males had the least total slice width and total slice area compared with IC barrows, IC+RAC, PC barrows, and gilts. Physically castrated barrows had the greatest total slice width but were not different from IC+RAC. Total slice area was not different between IC barrows and gilts. Physically castrated barrows had intermediate total slice area but were not different from the IC barrows, gilts, or IC+RAC. Total lean area was greatest in IC+RAC compared with all treatment groups. Total lean area was less in PC barrows compared with IC+RAC and gilts but not different than IC barrows and IM. Secondary lean area was the greatest in IC+RAC and the least in PC barrows with IC barrows, IM, and gilts intermediate.
Experiment 2.
An average of the blade, middle, and flank sections was used to find slice length, slice width, total slice area, secondary lean area, and total lean area (Table 1 ). There were no interactions (P ≥ 0.32) between diet and castration method for slice length, total slice area, secondary lean area, and total lean area. There was an interaction (P = 0.03) for slice width. Physically castrated barrows fed 0%DDGS had greater slice width compared to IC barrows fed all levels of DDGS and PC barrows fed 30%DDGS but were not different (P = 0.31) from PC barrows fed withdrawal DDGS. Physically castrated barrows fed 30%DDGS and IC barrows fed withdrawal DDGS were intermediate and not different from IC barrows fed either feeding strategy or PC barrows fed withdrawal DDGS. Slices from IC barrows fed 0%DDGS and 30%DDGS were narrower (P ≤ 0.04) than slices from PC barrows fed 0%DDGS or the withdrawal DDGS feeding program.
There were no differences (P ≥ 0.20) in castration method for slice length, secondary lean area, and total lean area. Bacon slice length is a measurement similar to fresh belly width. Tavárez et al. (2014) reported that fresh belly width was greater (P = 0.05) in IC barrows compared to PC barrows. However, pressing the bellies during bacon production could have masked these differences, thus resulting in similar bacon slice lengths between IC and PC barrows. Physically castrated barrows (3.99 cm) had greater (P < 0.01) slice width com- a-c Within a row, interaction means without a common superscript differ (P < 0.05).
1 Average slice characteristics were determined using a slice from the blade, middle, and flank section of the belly.
2 Maximum standard error of the interaction means.
3 Cast. = castration method; physical castrate vs. immunological castrate. 4 Cast. × Diet = the interaction of castration method and diet.
5 Experiment 2 had pigs slaughtered at 5 wk after second Improvest dose.
6 Experiment 3 had pigs slaughtered at 7 wk after second Improvest dose.
pared to IC barrows (3.63 cm). Because slice width is a measurement similar to belly thickness, these results were expected since Tavárez et al. (2014) reported that belly thickness was less (P < 0.01) in IC barrows compared with PC barrows. Physically castrated barrows (92.57 cm 2 ) had greater (P < 0.01) total slice area compared to IC barrows (86.27 cm 2 ). These results were supported by PC barrows having wider slices than IC barrows and similar slice lengths. Although some fresh belly characteristics are masked during the pressing procedure, in this case, total slice area was not. There were no differences (P ≥ 0.06) in diet for slice width, total slice area, secondary lean, and total lean area (Table 1) . Slice length was greater (P < 0.01) in barrows fed 30%DDGS compared with barrows fed 0%DDGS and barrows fed a withdrawal DDGS feeding program (22.85 cm), while slice length was not different (P = 0.91) between barrows fed 0%DDGS and a withdrawal DDGS feeding program. Slice length is a measurement similar to belly width, and Tavárez et al. (2014) reported that barrows fed 30% DDGS tended to have wider (P = 0.06) bellies. Similarly, Varnold (2009) found that belly width increased (P < 0.05) with DDGS inclusion. However, Leick et al. (2010) reported a trend (P < 0.10) for a linear decrease in belly width with increasing levels of DDGS. These differences could be attributed to the pressing procedure used during bacon production. The increased slice length could be a result of more unsaturated fatty acids caused by a greater DDGS inclusion (Leick et al., 2010) . Experiment 3. There were no effects (P ≥ 0.15) of castration method and no interactions (P ≥ 0.23) between diet and castration method for any bacon slice characteristics (Table 1 ). There were no differences (P ≥ 0.08) among diets for slice width, total slice area, or secondary lean area. As in Exp. 2, barrows fed 30%DDGS (24.32 cm) had greater (P < 0.01) slice length compared to barrows fed 0%DDGS (23.10 cm) and barrows fed withdrawal DDGS (23.30 cm), which were not different (P = 0.67) from each other. Barrows fed 30%DDGS (57.69 cm 2 ) had greater (P = 0.03) total lean area compared to barrows fed 0%DDGS (53.49 cm 2 ), with barrows fed withdrawal DDGS (56.29 cm 2 ) being intermediate and not different (P ≥ 0.19) from either DDGS feeding strategy.
Summary. Overall, total bacon slice area of IC barrows was comparable with total bacon slice area of PC barrows. Immunologically castrated barrows fed ractopamine had greater total bacon slice area and, more specifically, greater secondary lean and total lean area compared with IC barrows not fed ractopamine. Bohrer et al. (2013) reported, via meta-analysis, that belly thickness was unaffected in pigs fed ractopamine compared with pigs not fed ractopamine. Furthermore, Kyle et al. (2014) reported that belly thickness was unaffected in IC barrows fed ractopamine compared with IC barrows not fed ractopamine.
Total bacon slice area was less in IC barrows at 5 wk after the second dose compared with PC barrows. But at 7 wk after the second dose, total bacon slice area was not different between IC and PC barrows. This supports that differences in total slice area between IC and PC barrows can be mitigated by extending the time after the second dose.
Sensory Analysis Experiment 1. Bacon slices from IM had the lightest (P < 0.05) raw and cooked weights among all treatment groups followed by IC barrows and gilts; however, gilts a-c Within a row, means without a common superscript differ (P < 0.05).
1 IC = immunologically castrated; IC+RAC = immunologically castrated barrow fed ractopamine hydrochloride (Paylean; Elanco Animal Health, Greenfield, IN); PC = physically castrated.
3 Sensory panelists rated sensory attributes on a 15 point scale, where 0 cm indicated no boar aroma, no boar flavor, no bacon aroma, no bacon off-aroma, no bacon flavor, or no bacon off-flavor and 15 indicated the most intense boar aroma, boar flavor, bacon aroma, bacon off-aroma, bacon flavor, or bacon off-flavor.
were not different (P ≥ 0.54) than IC+RAC or PC barrows (Table 2 ). Cooked weights of bacon slices from IC+RAC were 13.74 g heavier (P = 0.02) than bacon slices from IC barrows not fed ractopamine hydrochloride (RAC). Cook loss percentages of bacon slices from IC barrows fed RAC were 3.62 percentage units less (P < 0.05) than bacon slices from IC barrows not fed RAC and 3.60 percentage units less (P < 0.05) than PC barrows. There were no differences (P > 0.05) in bacon cook loss percentage when comparing IM or gilts with IC barrows, IC+RAC, or PC barrows.
Boar aroma and boar flavor were greatest (P < 0.001) in bacon from IM. No differences (P ≥ 0.99) were detected among the other treatment groups for boar aroma or boar flavor. These results indicated that the trained sensory panel was able to distinguish boars from other sexes. Intact males had the least (P < 0.0001) desirable bacon aroma and bacon flavor among all treatments. No differences (P ≥ 0.80) were detected among the other treatment groups for bacon aroma or bacon flavor. Lower bacon aroma and bacon flavor scores for IM were likely a result of greater boar aroma and boar flavor scores. Additionally, there were no differences (P = 0.60) in off-aroma among any treatments or between IC barrows fed and not fed RAC.
Experiment 2. There were no interactions (P ≥ 0.14) between diet and castration method for raw weight, cooked weight, cook loss, bacon aroma, bacon off-aroma, bacon flavor, and saltiness (Table 3 ). There was an interaction for bacon off-flavor (P = 0.04). Bacon offflavor in PC barrows was numerically the greatest in barrows fed 0%DDGS compared with other diets, while bacon off-flavor in IC barrows was numerically the greatest in barrows fed 30%DDGS and withdrawal DDGS compared with barrows fed 0%DDGS. Furthermore, the largest magnitude of difference for bacon off-flavor among treatments was 0.29, and on a 0-to-15-point scale this difference is small and likely does not affect overall acceptability.
There were no differences (P ≥ 0.08) between castration methods for bacon aroma, bacon off-aroma, or bacon off-flavor (Fig. 1) . Raw weight was less (P < 0.01) in IC barrows compared to PC barrows. Cooked weight was less (P = 0.03) in IC barrows compared to PC barrows. Cook loss was less (P = 0.01) in IC barrows (45.39%) compared to PC barrows (47.19%). With a higher fat percentage in bacon of PC barrows , more fat can melt away during cooking and slices can have less hydrophilic binding sites, which may allow more water to be lost during cooking and therefore a greater cook loss for PC barrows. Bacon flavor was less (P < 0.01) in IC barrows compared to PC barrows. Saltiness scores were less (P < 0.01) in IC barrows compared to PC barrows. The differences in bacon flavor and saltiness scores could be attributed to a higher fat percentage found in bacon from PC barrows than IC barrows . In addition to being fatter, bellies from PC barrows were also thicker than IC barrows. Contrary to this study, Person et al. (2005) found that thicker bellies lacked bacon flavor and saltiness, which may be a result of thicker bellies diluting flavors more than "average" or "thin" bellies. However, in this study, the greater bacon flavor and saltiness scores found in PC barrows are most likely caused by the greater fat content in PC barrows. More fat in the belly causes there to be less water binding sites, which causes greater water loss during thermal processing and proportionally more salt left in the belly, thus resulting in more bacon flavor and saltiness. There were no differences (P ≥ 0.10) in DDGS feeding program for raw weight, cooked weight, cook loss, bacon aroma, bacon off-aroma, bacon flavor, and bacon off-flavor in pigs slaughtered at 5 wk after the second dose (Fig. 2) . Saltiness scores were greater (P = 0.01) in barrows fed 30%DDGS compared with barrows fed 0%DDGS, while barrows fed withdrawal DDGS were intermediate and not different (P ≥ 0.19) to either feeding strategy. Pump uptake was greater (P = 0.04) for barrows fed 30%DDGS compared to other feeding strategies, while cooked yield was not different (P = 0.41; Tavárez et al., 2014) , which could lead to bacon from barrows fed 30%DDGS being saltier.
Experiment 3. There were no interactions (P ≥ 0.06) between diet and castration method for raw weight, cooked weight, cook loss, bacon aroma, bacon off-aroma, bacon off-flavor, or saltiness (Table 4 ). There was an interaction for bacon flavor (P = 0.02). Flavor intensity decreased with increasing DDGS inclusion for PC barrows, while flavor intensity increased with increasing DDGS inclusion for IC barrows.
There were no differences (P ≥ 0.23) between IC and PC barrows for raw weight, cooked weight, bacon aroma, bacon off-aroma, bacon flavor, bacon off-flavor, or saltiness (Fig. 3) . Cook loss was less (P < 0.01) in IC barrows compared to PC barrows. The difference in cook loss may be attributed to a greater (P < 0.01) fat percentage in bacon from PC barrows compared to IC barrows , which leads to more fat that can melt away during cooking as well as less hydrophilic binding sites and thus more water loss during cooking. There were no differences (P ≥ 0.32) among DDGS feeding programs for raw weight, cooked weight, cook loss, bacon aroma, bacon flavor, or saltiness (Fig. 4) . Bacon off-aroma was greater (P = 0.03) in withdrawal DDGS compared to 0%DDGS, while 30%DDGS was intermediate and not different (P ≥ 0.17) to either feeding strategy. Bacon off-flavor was greater (P = 0.01) in barrows fed withdrawal DDGS compared with barrows fed 0%DDGS, while barrows fed 30%DDGS were intermediate and not different (P ≥ 0.09) from either feeding strategy.
Summary. The trained sensory panel was able to distinguish IM from all other sexes. Overall, bacon sensory attributes from IC barrows were not different from PC barrows. Immunological castration was as effective at eliminating boar aroma and boar flavor as physical castration even when feeding differing DDGS levels or when slaughtered at 5 or 7 wk after the second dose. 
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